THE auscultatory gap, recorded commonly in patients with systolic hypertension or with aortic stenosis, probably represents an undefined disturbance in cardiovascular function. Aside from this, the gap may have practical importance, since significant errors in the estimation of the blood pressure may result when its presence is not recognized.1-5 The present study of the gap extends previous investigations into mechanisms of sound production at the brachial artery during the indirect measurement of the blood pressure.6-10 Technics for enhancing or eliminating the gap, and an analysis of its physiologic mechanisms and clinical significance are presented.
METHODS
Twenty ambulatory male patients, 65 to 78 years of age, with systolic blood pressures of 170 mm. Hg or higher, were selected for study. The clinical diagnosis of arteriosclerotic heart disease was based on physical examination and electrocardiographic and roentgenologic study.
At least 10 blood pressure determinations were made on each patient. In some of these, a dynamic microphone placed in the antecubital fossa transmitted the arterial sounds to a Sanborn twin-beam instrument, which recorded them simultaneously with lead II of the electrocardiogram. Blood pressure determinations were made as the cuff pressure was deflated at about 3 mm. Hg per second.
RESULTS
Of the twenty patients selected for the study only 3 had a gap while recumbent (table 1). In the sitting position, 2 of these continued to have a gap and 4 other patients also showed gaps. In the standing position, gaps were found in 7 of the subjects, but not always the ones who showed gaps in the recumbent or sitting positions. Eleven of the patients had a gap at least once during the testing periods. While there was no consistent effect of body position, the increased likelihood of gap in the sitting or standing position was apparent.
The gaps began 10 to 50 mm. Hg below the systolic pressure and had spans as large as 30 mm. Hg. In general, patients with higher systolic blood pressures had a greater tendency to have a gap.
Comparison of Auscultation and Phonocardiography. In some patients, gaps noted on direct auscultation of the arterial sounds were shown to be due to the subaudible amplitude of vibrations in the gap zone, which electronic amplification made clearly audible. Phonocardiographic records showed the vibrations in the gap range to have a markedly lower amplitude than the sounds in the other pressure ranges ( fig. 1 ). These results indicated that the gap was due in part to a limitation in hearing, rather than to a complete absence of vibrations. This concept was supported by studies in which an induced reactive hyperemia enhanced the intensities of all the arterial sounds.
Elimination of the Gap. The gap was eliminated in every instance by producing a local reactive hyperemia. This was accomplished by increasing the cuff pressure to a level above systolic and then having the patient clench the fist 25 times; the increased blood flow following release of the tourniquet brought all the ar- By contrast, when the blood flow through the compressed artery is obstructed as by a tourniquet immediately beyond the stethoscope, the arterial sounds become much weaker and more difficult to hear. The likelihood of a gap is thereby enhanced. After placement of the tourniquet a gap could be elicited in patients in whom none was discerned during the previous blood pressure measurements.
The pulse is present at the radial artery during the gap phase even though the sounds at the brachial artery fade. The pulsations may be very forceful even though only a limited blood flow is taking place through the palpated artery.8 Thus, the strength of the pulse, often used as an index of extremity blood flow, may be marked, despite evidence that the blood flow is restricted. The present findings indicate that the arterial sounds have value in the appraisal of the clinical status of the patient. Thus, when the sounds are faint, a reduced blood flow to the extremity may be presumed. This reduced peripheral flow might be expected in older patients with systolic hypertension and arteriosclerotic heart disease in whom cardiac reserve and output are limited. It is likely that active vasoregulatory mechanisms'2 ration the major portion of the restricted cardiac output to vascular beds in the central nervous system, the heart and other vital structures, while the extremities receive only a limited flow. This effect is probably enhanced in the sitting or standing position. Clinical evidence of a reduced blood flow to the arms and legs in arteriosclerotic heart disease is seen in the cold extremities, intermittent claudication, and peripheral cyanosis so common in this age period. The presence of diminished arterial sounds and especially of a gap may thus be considered as a sign of peripheral vasospastic activity.
SUMMARY
Evidence is presented that auscultatory gaps heard in patients with arteriosclerotic heart disease may be associated with a reduced blood flow to the extremity. Further reduction of such flow, as by application of a tourniquet. increased the likelihood of a gap. Contrariwise, increase in extremity blood flow eliminated the gap in every instance. Vibrations are present in the gap range, but these are subaudible; electronic amplification may bring these sounds to audible levels. The clinical implications of these findings are discussed. findings. The earliest clinical signs of the disease may be detected in diabetic patients by repeated ophthalmoscopic examinations for the retinal micro-aneurysms that coexist with the glomerular involvement. Doubly refractile bodies in the urine may also possibly be an early finding.
In regard to pathogenesis, controversy exists as to the effects of control of diabetes on the development of the renal and retinal lesions. In the author's experience no real differences in the insulin requirements or frequency of episodes of acidosis are apparent between diabetic patients with and without the specific renal lesion. It has been established that the duration of diabetes is an important factor in pathogenesis, but the time factor may vary from as little as 6 years to as long as 25 years. Some interesting biochemical alterations regarding tissue concentrations of mucopolysaccharides, lipids, and lipoproteins have been reported in this condition, but the present evidence is too fragmentary to allow a definite causal relationship of these substances to the renal and glomerular lesions. Recent studies have also indicated a possible relationship between increased pituitary-adrenal cortical activity and the development of the specific vascular lesions, but it is much too early to come to any definite conclusions. As yet no real therapeutic regimen is available for these patients.
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